











ree-dimensional analysis of a double twist in a backward stretched 
somersault for female gymnasts in oor exercise:  
Focusing on to generate techniques the twist angular momentum
Rieko Harigai, Michiyoshi Ae, Kyouko Seo, Yoshiaki Hatakeda, Kazumichi Ae
Abstract: e aims of this study were to analyze a double twist in a backward stretched somersault 
performed by female gymnasts in oor exercise with the three-dimensional motion analysis technique, focusing 
on the angular momentum and angular velocity of the body, and to examine techniques to generate for 
obtaining basic instructional hints of the twist. ree varsity female gymnasts performing the twist angular 
momentum a double twist in a backward stretched somersault on the oor were captured by a three-
dimensional motion analysis system （Vicon MX＋） with 20 cameras at 250 Hz. e angular velocities and 
angular momenta of the whole body and body segments were calculated，based on Tang’s method. e subject 
A generated the large angular momentum and velocity about the z axis of the trunk coordinate system during 
the take-o phase, and were categorized as a contact twist technique. In the airborne phase, the twist angular 
momentum of the subject A was further generated by pulling and swinging the twist-side arm backward and 
covering the quickly with the opposite side arm, as well as twisting the upper torso toward the direction of the 
twist. Much of the twist angular momentum of subject B was generated by pulling the opposite side arm toward 
the chest quickly from the latter half of the take-o phase to the airborne phase. e subject B could be 
categorized as an aerial twist technique. For non-skilled gymnasts it is recommended to begin twisting in earlier 
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